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Description 

Apparatus and Method for Forming 

Alignment Layer 

Background of Invention 

[0001] The present invention relates to an apparatus and method 
for forming a liquid crystal alignment layer by irradiation 
with ion beams or atomic beams. 

[0002] | n a liquid crystal display (LCD), an alignment layer is pro- 
vided so as to orient liquid crystal molecules. It is known 
that a liquid crystal alignment layer is formed by irradiat- 
ing a thin film of polyimide or inorganic material with ion 
beams. By breaking interatomic bonds in the thin film with 
ion beams, an alignment film is formed. 

[0003] ^ is needed that liquid crystal molecules are oriented uni- 
formly all over the alignment layer. If the liquid crystal 
molecules are not uniformly oriented, a liquid crystal 
panel suffers from an unevenness of brightness and color. 
In order to produce an enhanced-definition liquid crystal 
panel, it is required to ensure much higher degree of uni- 



formity in orientation of liquid crystal molecules than a 
conventional liquid crystal panel. 
[0004] | n order to achieve uniform orientation of liquid crystal 
molecules, it is necessary to ensure uniform density dis- 
tribution of ion beams ejected from an ion source. Uni- 
form density of ion beams has been so far been ensured 
by controlling the densities of gas and free electrons in a 
plasma generation chamber. However, it is apparent from 
various experiments that the density control is not an easy 
task. 

[0005] As shown in FIG. 5(a) and 5(b), while a glass substrate 24 
is being moved at a constant speed, a surface of a thin 
film 26 is irradiated with ion beams 28 to effectively ori- 
ent liquid crystal molecules. In order to orient the liquid 
crystal molecules of a whole surface of the thin film 26 in 
one direction, it is ideal that ion beams parallel to each 
other are applied to the thin film 26. 

[0006] An ion source for generating ion beams 28 comprises a 
plurality of plate-like objects 11c made of electrically 
conductive material, as shown in FIG. 6. Such plate-like 
object will be hereinafter referred to as a "grid" in this 
specification. The grid 11c has a plurality of ion ejection 
holes 30 of uniform size. 



[0007] However, the ion beams 28 ejected from the ion ejection 
holes 30 of the grid 11c are spread in various directions. 
In order to cut unnecessary ion beams, a mask 20 with a 
slit 22 is provided above the substrate 24 with the thin 
film 26 applied thereon. In other words, only the ion 
beams 28 selected for forming an alignment layer are ir- 
radiated to the thin film 26. However, if the intensity dis- 
tribution of ion beams is not uniform in Y direction shown 
in FIG. 5(b), uniform orientation of liquid crystal molecules 
on the surface of the thin film 26 cannot be achieved. 

[0008] Accordingly, it is an object of the present invention to 

provide an apparatus and method for ensuring a uniform 

orientation of liquid crystal molecules of an alignment 

layer by irradiation with ion beams. 
Summary of Invention 

[0009] An apparatus for forming an alignment layer according to 
the present invention comprises an ion source for apply- 
ing ion beams to a thin film on a substrate, and the ion 
source comprises a grid having a plurality of ion ejection 
holes of various sizes. The size of the ejection hole varies 
depending on the ion density. The apparatus of the 
present invention can ensure a uniform density of ion 
beams and uniform orientation of liquid crystal molecules. 



[0010] Alternatively, the grid may have ejection holes of uniform 
size but the number of ejection holes per unit area may be 
different. The number of ejection holes varies depending 
on the ion density. The apparatus with such grid can also 
ensure a uniform density of ion beams and uniform orien- 
tation of liquid crystal molecules. 

[0011] a method for forming an alignment layer according to the 
present invention comprises the steps of: generating ion 
beams by an ion source; making an intensity of the ion 
beams uniform depending on an ion density of the ion 
source; and applying the ion beams to a thin film on the 
substrate. The step of making an intensity of the ion 
beams uniform includes making an intensity of the ion 
beams by changing the size and/or density of the ejection 
holes of an plate-like object of the ion source. The size of 
an ejection hole in a higher ion density portion is smaller 
than that of an ejection hole in a lower density portion, 
and/or the number of ejection holes per unit in a higher 
ion density portion is fewer than that in a lower ion den- 
sity portion. 

[0012] The present invention can achieve a uniform intensity dis- 
tribution of ion beams and uniform orientation of liquid 
crystal molecules on an alignment layer. Therefore, the 



present invention makes it possible to produce a liquid 
crystal display with no unevenness in brightness and 
color. 

Brief Description of Drawings 

[0013] FIGs. 1(a) and 1(b) are a side view and a top view of an 

apparatus for forming an alignment layer according to the 
present invention, respectively. 

[0014] FIG. 2 is a graph showing ion density distribution in the Y 
direction at an ion source. 

[0015] FIG. 3 shows a grid to be used in an apparatus for forming 
an alignment layer according to the present invention. 

[0016] FIG. 4 shows another grid to be used in an apparatus for 
forming an alignment layer according to the present in- 
vention. 

[0017] FIGS. 5(a) and 5(b) are a side view and a top view showing 

the formation of an alignment layer, respectively. 

[0018] FIG. 6 shows a grid to be used in a conventional apparatus 

for forming an alignment layer. 
Detailed Description 

[0019] Embodiments of an apparatus and method for forming an 
alignment layer according to the present invention will be 
hereinafter described with reference to the accompanying 



drawings. 

[0020] | n an apparatus for forming an alignment layer according 
to the present invention, a mask 20 is provided between 
an ion source 12 and a glass substrate 24 with a thin film 
26 applied thereon, as shown in FIGs. 1(a) and 1(b). The 
mask 20 has a slit 22. The apparatus for forming an 
alignment layer comprises a stage (not shown) for moving 
the glass substrate 24. A grid 11a of the ion source 12 
has a plurality of ion ejection holes 30, as shown in FIG. 3. 

[0021] The ion source 12 comprises a plasma generation cham- 
ber 16, a gas inlet 14 for introducing gas into the plasma 
generation chamber 16, an accelerating electrode 18 for 
accelerating ions generated in the plasma generation 
chamber 16, and a grid 11a for ejecting the accelerated 
ions to the outside. The gas is argon (Ar) gas, for exam- 
ple. When the argon gas is used, argon ions (Ar+) are 
generated in the plasma generation chamber 16. 

[0022] There will be described the ejection holes 30 provided to 
the grid 11a. The ion intensity distribution in the Y direc- 
tion shown in FIG. 1(b) varies depending on an amount of 
plasma generated in the plasma generation chamber 16. 
FIG. 2 shows an ion intensity distribution of the ion source 
having two gas inlets. In FIG. 2, the ion intensity is ex- 



pressed as relative current density. The ion density in- 
creases with the ion intensity. In FIG. 2, a horizontal axis 
represents the position of the ion source 12 of FIGs. 1(a) 
and 1(b) in the Y direction. There are various causes of 
unevenness of the ion density shown in FIG. 2. For exam- 
ple, one of the causes is the position of the gas inlet. Even 
if the number of gas inlet is increased, even if the gas in- 
let is slit-shaped, or even if the flow rate of gas is ad- 
justed, the ion intensity distribution does not become 
uniform due to various other causes. Thus, the structure 
of the gas inlet becomes complicated, but uniform ion in- 
tensity distribution cannot be ensured. 

[0023] jo solve this problem, there are provided to the grid 11a 
a plurality of ejection holes 30 of different sizes, as shown 
in FIG. 3. The size of the ejection hole 30 varies depend- 
ing on the ion density of each portion of the grid 11a. The 
size of the ejection hole 30 increases with decrease of the 
ion density. Therefore, the smallest ejection holes 30 are 
provided at a portion where the ion density is the highest, 
while the largest ejection holes 30 are provided at a por- 
tion where the ion density is the lowest. The ejection hole 
30 can be of any shape such as round, oval, and polygon. 

[0024] a s obvious from the ion intensity distribution shown in 



FIG. 2, the ejection holes 30 are small in size at a high 
current density portion while they are large at a low cur- 
rent density portion. Therefore, the intensity distribution 
of ion beams becomes uniform. For example, the maxi- 
mum diameter of the ejection hole 30 is 3 mm and the 
minimum diameter is 2.5 mm. 

[0025] The orientation of a certain point on the thin film 26 de- 
pends on the direction of the last ion beam 28 applied to 
that point. Therefore, it is not always necessary to change 
the sizes of the ejection holes 30 all over the grid 11a. 

[0026] The grid 11a comprises an area 34a having ejection holes 
30 of different sizes and an area 32a having ejection holes 
30 of uniform size. These two areas 32a and 34a are ar- 
ranged in parallel with the longitudinal direction of the slit 
22 (in the Y direction in FIG. 1(b)). The area 34a having 
ejection holes 30 of different sizes is provided on a rear 
side relative to the moving direction of the substrate 24, 
or on a side on which the last ion beam is applied. In FIGs. 
1(a) and 1(b), the area 34a is provided on the right side of 
the grid 11a. 

[0027] | n this method for forming an alignment layer, the sub- 
strate 24 with a thin film 26 such as polyimide film 
formed thereon is placed on a stage. While the stage is 



being moved, the ion beams 28 are applied to the thin 
film 26 through the slit 22. The ion beams 28 are ejected 
from the ejection holes 30. The ion beams 28 breaks in- 
teratomic bonds in the thin film 26 and thus an alignment 
layer is formed. 

[0028] The main point of the present invention may be summa- 
rized in that the size of the ejection hole 30 varies de- 
pending on the ion density at each portion on the grid 
11a. In other words, the size of the ejection hole 30 is 
smaller at higher ion density portion while it is larger at 
lower ion density portion. Thus, a uniform density of the 
ion beams 28 from the ion source 12 can be achieved. 

[0029] The aforementioned ejection holes 30 of various sizes are 
not necessarily formed all over the grid 11a, but they are 
formed only on a rear side relative to the moving direction 
of the substrate 24 or on a side on which the last ion 
beam is applied. 

[0030] The ion beams 28 are concentrically spread from the re- 
spective ejection holes of the ion source 12. The most in 
number of ion beams is the one that is normal to the grid 
11a. The number of ion beams are concentrically reduced. 
The ion beams 28 include the ones having a Y direction 
component whose orbit is as shown in FIG. 1(b), namely 



the ones that are applied to the substrate 24 at a certain 
angle to the moving direction. 
[0031] | n the area 34a having the ejection holes 30 of various 
sizes, uniform ion intensity in the Y direction shown in 
FIG. 1(b) can be achieved. Under this condition, regardless 
of degree of spread of ion beams 28, the most in number 
of ion beams that are applied to a certain point on the 
substrate 24 is the one that does not have Y direction 
component whose orbit is as shown in FIG. 1(b). In other 
words, the ion beams that are normal to the grid of the 
ion source 12 exert the greatest influence on the orienta- 
tion of the liquid crystal molecules at every point on the 
substrate 24, and thus more uniform orientation can be 
achieved. 

[0032] |f the ion intensity distribution is not uniform in the Y di- 
rection, the ion beams that exert the greatest influence on 
the orientation of the liquid crystal molecules may often 
not be the ion beams that are normal to the grid but ran- 
dom ion beams that form a certain angle to the x axis, in- 
tensity of the ion beams can also be achieved by other 
means than providing the ejection holes 30 of various 
sizes. As shown in FIG. 4, the ejection holes 30 are of uni- 
form size, but the number of ejection holes 30 per unit 



area may vary. 

[0033] The number of the ejection holes 30 varies depending on 
the ion density at each position of the grid lib. As the ion 
intensity decreases, the number of the ejection holes 30 
per unit area increases. The grid lib comprises an area 
34b having different numbers of ejection holes 30 per 
unit area and an area 32b having the same number of 
ejection holes 30 per unit area. These two areas 32b and 
34b are arranged in parallel with the longitudinal direction 
of the slit 22. The area 34b having different numbers of 
ejection holes 30 per unit area is provided on a rear side 
relative to the moving direction of the substrate 24. 

[0034] The number of the ejection holes 30 per unit area is, for 
example, 9 per square centimeter at the maximum and 6 
per square centimeter at the minimum. 

[0035] By changing the number and the density of the ejection 

holes 30, a uniform density of ion beams and uniform ori- 
entation of liquid crystal molecules can be achieved. 

[0036] while the embodiments of the present invention have thus 
been described with reference to the drawings, it should 
be understood that the present invention be not limited to 
the embodiments. For example, in the aforementioned 
embodiments, the two areas 32a and 32b and the two ar- 



eas 34a and 34b are provided to the grid 11a and lib, 
respectively, however only one region 34a and 34b may 
be provided thereto. 

[0037] There has thus been described the case where either one 
of the size or density of the ejection holes 30 is changed. 
However, both the size and density of the ejection holes 
30 may be changed at the same time. The size and den- 
sity of the ejection holes 30 are adjusted in such a manner 
to ensure uniform ion beams 28. the aforementioned em- 
bodiments, the ion beams 28 are applied to the thin film 
26 from the ion source 12. However, usable beams are 
not limited to the ion beams 28, but atomic beams may 
be used. The atomic beams are generated by accelerating 
ions to create the ion beams 28 and then neutralizing the 
ion beams 28, and applied to the thin film 26. 

[0038] Many changes, modifications, variations and other uses 
and applications can be made to the embodiments on the 
basis of knowledge of those skilled in the art without de- 
parting from the scope of the present invention. 



